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MEASUREMENT AND INTERPRETATION OE ETHANOL 1 3 C  CHEMICAL 

SHIFTS VARIATIONS I N  D E F E R E N T  O R G A M C  SOLVENTS - 
COMPARISON WITH AQUEOUS SOLVENT 

Keywords : 1 3 C  NMR, Hydrogen bond, ethand, &vent &ects 
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UFR cks Sciences - Um&6 de Picardie 

33 rue S&k-Leu - 80039 A&IE C h -  France 

and 
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ITODYS, 1 rue Guy de la Brcsse, 75005 Paris - France 

ABSTRACT 

T h e  carbon chemical shifts af ethandl are m e a s u r e d  in Mlied 

queou and arganic dvents. W e  determine the hylhrogen bonding 
effect between h h d  and bases by axrecting the experimental values 
from anisotropy and m n  specific medium efEects. 
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780 GOETHALS ET AL. 

We prove that hydrogen bonding between hydroxylic hydrogen 
and bases Lead to a shklding a€ C-a carbon and a very small effect on 
c- B carbon. 

13c N M R  s p e d r c s c ~  can lpovide impartant infarmations 

regarding the mnformations of the  d x t i t u e n t s  far carbohydrates and 

recently (1,2), it has been pro@ an assignment of the spectra by 
comparing 13C chemical shifts in w a t e r  to those in DMSO. However 
only few studies (2-4) wncern such &vent effects. V a l u e s  directly 
&rived from m d g  migration a€ the  Signals f r o m  the aqueous to the 
m n  aqueous silvents & not a l low for intespreting these shifts in t e r m  
of intramdlecular hydrogen bonding. Indeed such values cannot be 
attdxted only to complexation effects Since various other mechan i sms  
(non qecific medium effects, magnetic anisotropy f r o m  the base, tulk 
susceptibility effects, ...I are not expiCitey taken into account. 

~n recent studies (5-9) w e  ~nraposed that 13c shifts, m e a s u r e d  
f rom interndl reference and m e c t e d  from anisotrOpy and non specific 
medium effects, can constitute very sensitive and disaiminating 

parameters for complexation studies. 

The m n t  work is devoted to a I3C study a€ d i o n  
of ethanal w i t h  n cr IT bases with in mind a particular interest for the 
shifts hetween xpeous and non aqueous sdlvent. Ethandl w a s  elected 
as proton dona  s3 as to get simultaneous informations about CH2 and 

CH3 carbon behaviour in the assxiation process. 

All spectra w e r e  recorded on a Bruker A M  300 spec trometer  

operating at 75.4 M H ~ .   he magnetic field w a s  l r~ke i i  on the 2~ signal 
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MEASUREMENT AND INTERPRETATION 781 

d D20 contained in a cylindrical cell inserted in the s a m p l e  tube. The 
chemical shifts w e r e  measured h m  internal TMS (10 v1 in 200 p1 solu- 
tion) and expessed in  ppm,  (pc6itive values corresponding to c k w n f i e l d  
shifts). The wobe temperature w a s  298' K. Spectra w e r e  samgiled in a 
64 K memory hlock (&hl resdlution 0.9 H z )  for a 29500 Hz spectral 

width, under c o m p l e t e  H mise decoupling m o d e  w i t h  c o m p c 6 i t e  pulse 
decoupling. Scan number w a s  adjusted to obtain a suitable signal naiSe 
ratio and a 2Hz exponential mrredx~ ' n w a s  made. E!thanal and the 
Mlious bases w e r e  d spectrcscopic grade and used without further 
plrification. 

1 

RESULT AND DISCUSSION 

In a first step, chemical shifts a€ methyl (C-B) and methykne 
(c-a)  carbons are m e a s u r e d  for five ethand concentrations 
(lM>C>O.O5M) in 20 varied mn SdlVentS. The relationships 

between chemical shifts and concerrtrations are linear but with v a y  
small Ssopes except for CC14, C5H12 and C7H14. Far methyl carbon, an 
increasing ethanal concentration leads to a shieldling effect w i t h  

solvent 1 to 20 ; a s a m e  behaviour is observed for methylene carbon, 
except for sxbtituted pylidines for which an increasing ethanal 

efEect. This behawbur can be concentration leads to a ddueMng 

at3rh-d to the formation a€ a strong hydrogen bond between the 
alcohdl hydrogen and elechrons of the nitrogen bne pak. 

. .  

The chemical shifts, extrapcjlated to infinite dilution, are 
gamed in tahles 1 and 2. It can be mticed that chemical shifts vary 
on about 1.3 Wrn and 2.2 ppm respedively for C-B and C-a i the 
l o w e s t  value5 for these t w o  carbons are measured with C H A ,  the 
highest ones are atserved with 4+ai i ine for the methyl carbon and 
w i t h  dt=hlaromethane far the methylene carbon. 
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782 GOETHALS ET AL. 

18.75 
18.87 
18.78 
19.00 
19.15 
19.21 
19.16 
19.02 

TABLE 1 
Infinite Dilution Chemical Shifts of Ethanol Carbons 

I 

SOLVENT 

pentane (1) 58.40 18.85 
heptane (2) 58.25 18.80 
carbon tetrachloride (3) 57.60 18.45 
methanedichloride (4) 58.61 18.70 
1 ,Z-dichloro ethane (5) 58.31 18.72 
1,2-dibromo ethane (6) 57.64 18.55 
bromoform (7) 57.26 17.95 
chloroform (8) 58.42 18.41 
diiodo methane (9) 56.44 17.97 
2,2,4-trimethyl pentane (10) 57.85 18.70 

TABLE 2 
Ethanol-Base Complexes : Observed and Corrected Chemical Shifts 

BASE 6 observed 6 corrected 
C-cl C- B C-Ci C-R 

benzene (1 1 )  

mesitylene (12) 
2-F pyridine (13) 
3-C1 pyridine (14) 
pyridine (15) 
4-picoline (16) 
2,4-lutidine (17) 
2,4,6-collidine (18) 

58.00 18.54 
58.00 18.62 
57.91 18.98 
57.43 19.05 
57.37 19.23 
17.27 19.32 
57.00 19.27 
56.69 19.15 

58.58 
58.49 
57.45 
57.26 
57.11 
56.98 
56.72 
56.37 

! 2-OMe pyridine (19) 57.90 18.93 57.64 18.83 
2,6-diOMe pyridine (20)  58.21 18.89 57.94 18.79 
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MEASUREMENT AND INTERPRETATION 70 3 

- N o n  Specific Medium Effects 

Our a i m  being to charactmize the  actual effects of hydrcgen 
bonding formation on the I3c shifts in the p a t o n  donor m w ,  it is 
mandatory to take into account each mechanism invalved in 13C shift 

variations. In a first t i m e ,  w e  have to  explicitdy evaluate non specific 

medium effects. Far this purpase, according to the  previously pro-d 
m o d e l s  of non specific (Van der W a a l s )  &vent effects ( l O - l l ) ,  C-ci and 

C-0 chemical shifts obtained with scilvent 1 to 10 have k e n  platted 
fig. 1 and 2) vs the Rummens scilvent function g2 (10) (g = 

(n2-1)/(2n2+1)). G& linear relationships are obtained : 
r = 0.90 
r = 0.92 

m.d. = 0.23 
m.d. = 0.09 

2 6C-a = - 39 g + 59.78 
6C-f3 = -18 g + 19.38 2 

The deviation from the cOrrelatiOn line, relative to the  

methykne carbon, observed for CH2Ch,  C H C 5  and C1CH2-CH2C1 can 
k attributed to the formation of an hydrcgen bond k t w e e n  hydrogen 
d the &vent and alcohal oxygen. A s a m e  khaviour has k e n  observed 
with methanal tmt rot with knzyl ic  alcohol (11) certanl ' y because of 
its l o w e r  basicity : the elimination d these three paints bmm the 
regression analysis does not modify significantly the cOrrelatiDn dope. 
A S a m e  deviation is not observed for the relationship regarding the 
methyl carbon because hydrogen bonding formation ef€ects is much 
smaller on the C- 0 carbon. Our experimental procedure ( m e a s u r e m e n t s  
with an jnternal reference) avoids magnetic susceptibility m e a s u r e m e n t s ,  
tmt d u o w s  only to determine "apparent" medium shifts by respect to 
Me4Si 

From the Slopes of the  weceding 6/g2 relatbr&&s apparent 
site parameters s' are deduced : SC+ = -39 and Sc- 0 =  - 18. A t x i l u t e  

site p a r a m e t e r s  2 (otherwise attainab via externdl reference 
m e a s u r e m e n t s )  can k deduced &om the TMS sensitivity parameter via 
the relationship 2 = si' + dTMS that w e  recently p r o p o ~ e d  (12) : 

* I  i' i' 
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784 GOETHALS ET ALL. 

i i 
Sc-cr = -39 t 78 = 39, Sc- = 60. The Sensitivity fa- for methyl 
carbon is ckse to the values already known Cin apdlar or weakly pcilar 
silutes 67 < s' < 80 (13) and for m e t h a n o l  d = 68) (8)). Far methykne 
carbon, it dliffers digthly from the value obtained for henzylic h h d  
cSi = 25) (7), M'is in good agreement w i t h  the p-evbusly determined 

values for sp3 methyhne carbons (33 < 2 < 45) (14). 

- Hydrogen Bond Effects 

Sdvents (ll to 20) can f o r m  hydrcgen bond wi th  dlcohdL 
owing t~ the small va&tions o-ed in the chemical shifts, prior to 
any - ' n on hydrogen bond formation, it is necessary to eliminate 
all other contributions to these chemical shift d t i o n s .  Magnetic 
anisotropy oxrections have keen evaluated from Bavey diagrams (151, 

g e o m e t r y .  Fcr ekhand-ppidine complex, Optimized bond lengths and 
using CNDO aptimizatiDns to determine the associated - m p e x  

(dN...BO = 1.518 A ; do-H = 1.0549 A ; > 0-H...N = 178.99' ; 

dC-O 1.3727 A ;> COH = 106.9' are similar to thase deterrmned * for 
methandl pyzidhe corn- (8) ; 80 s a m e  c a r r e d o n  terms are us& for 
the methykne carbon ie. : -0.3 p p m  for planar mrnplex eubstituted 
wridinegn bases) and 0.48 F p m  far cut cf Wne association (benzene 
and meSitykne, 71 bases). The cmmction t e r m s  for the methyl group are 
evaluated assuming for C-C distance the usual value uf 1.54 A : - 0.12 
g p m  for complexes and 0.25 mm for benzene-ethandl 
comgikx. The courected chemical shifts (table 2) are therefore 
cdlculated according to the frillowing quation : 

2 2 g (reference) = g (benzene) = 0.051 
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MEASUREMENT AND INTERPRETATION 78 5 

From t a b  2, w e  can dsserve that increasing duent basi- 
city induces a &hidding effect on the methyl carbon and a shiel&ng 

effect on the methylene carbon : from 2-F @dine to callidine 6c-a 
dlecreasss of 1.08 Fpm and 6 c - B  increases a€ 0.24 ppm only. These 
miations are a tkh ted  to the farmation of an hydrogen bonding 
between hydroxylic hydrogen and base ; the effect is smaller for the 
CH3 carbon owing to the transmission factor through the CH2 group. 

W e  can observe that with 2-0Me and 2,6-diOMe @dine the 
chemical shifts are Similar to those measured with 2-F pylidine : indeed 
in these compounds, the m e t h o x y  group p-events the approach of the 
hydroxylic hydrogen and 90 &eases the hydrogen bond strength. 

A g00d  ear relationship between otu~eded 13c shifts far  
CH2 group of ethandl and the corresponding corrected chemical shifts 
far methand carbon obtained far the six media  common to both studies 
has been estakhh * ed: 

6 = 1.00 €iCH + 7.73 m.d. = 0.086 C.C. = 0.98 
CH2 3 

The dope (unit value) indicates that the sensitivity to hydrogen bond 
farmation a€ the carbon directly connected to hydroxylic group is the 
s a m e  for CH3 cx CH2 group, expected since ethanol and methanol have 
similar acidic character. As a drrdar behavbur have been shown far 
CH2 group sens'.tiviy of benzylic aloohd w e  can condude that in 
aliphatic almhcils the sensitivity of the C-a carbon to H bonding effects 
is roughly the same.  But in contrast, like w e  have gtaWed in 
pevious works  (5-6) far ghnd-bases cOmplexeS, the hydrogen bond 
farmation h d s  to a deshielding &ect of C-1 carbon and these results 

3 t;ugge& a different behaviow to hydrogen bond formation &tween sp 
and ,sp2 carbon directly connected to hydroxylic group. F a  B carbon 
our results are dmilar to those observed w i t h  C-1 aromatic carbon of 

effect with H bonded benzylic alcohd arn-es ; c%&d&ng 
d t i o n s  (7). 

. .  
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786 GOETHALS ET A L .  

- H Bonding and Electron Reorganbation 

Ezectronic poulations lcxdlized on each a t o m  uf etbandl 
(free a com-ed to pyddine) are calculated at CND0/2 lev& We 
observed that association induces an important e ledron reorganization 
on the hydroxy group : the  hydrogen atom loses 502.104 e and the 
oxygen &om gains 687.10-4 e. The total electron population &creases 
respectively by 40.104 and 10.1O4 e for C-a and C-6 a t o m s ,  so only 
minute variations are ohaxed for the  carbon kamework. In contrast, 
for each hydrogen a t o m  a€ the methykne group the &ctronic 
population increases by 143.10 e and the s a m e  is true for the methyl 
hydrogens (hydrogen in c o m p l e x  plane Aq = 82.10 e, out of plane 

-4 Aq = 51.10 el. A S a m e  behaviour have been observed for 
m e t h a d - p p i h e  complex (8). 

The hydrogen bonding effect on C-13 chemical shifts 
(deshielding e€fect) and on electronic population (charge decrease) are 
in gocd agreement w i t h  6 -q relationships a€ten quoted in  literature 
especially for sp carbon a t o m s  : however for C-a carbon a reverse 
effect is observed ( W g  &ect when charge decreases). Indeed, it 
w a s  lsuggested that, as to C-a  carbon, the electron rearganization on 
mighbouing atoms may have a m n  mgihle influence on 13c shifts. 
We recently established that  the 'H chemical shifts of lsutxtituted 
phenals depend dgn i f i cady  on the electron population on both 

hydrogen and oxygen a t o m s  (16). Furthermore, Fliszar (17-18) showed 
that shjft-dmrge carrelations can correspond to @tive or negative 
d&es depending upon the hybidation &ate of resonating nudeus. The 
invoked reason is tha t  chemical shifts are related to 0 and IT electron 
populations with sensitivities diEeting by size and even sign. 

-4 
-4 

2 

- D i f f e r e n t i d l  B e h a v i o u r i n  H20 and DMSO Sdlmnts 

I n a l a s t s t e p ,  w e h a v e  measwedchemical&iftsofethanalcarbnsin 
DMSO and H 2 0  (ta& 3). F a  w a t e r  sAvent, value8 are expresed from 
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MEASUREMENT AND INTERPRETATION 78 7 

TABLE 3 

13C Chemical S h i f t s  of Ethanol i n  H20 and DMSO 

6H-0 
L 

I 
C- ci - 9.02 59.28 56.10 

C- B - 4 9 . 6  18.70 18.50 

(a) values  from i n t e r n a l  dioxane 

(b) va lues  from a r t i f i c i a l  i n t e r n a l  TMS 

(c)  va lues  from i n t e r n a l  TMS 

internal dioxane reference ; to convert the chemical shift to internal 

TMS reference, w e  €irst determine the chemical shift of dbxane by 
reference to cyclohexane inserted in a sphedcal capll;uy (39.90 p p m )  : 
secondly, wing OUT previoudy established relationsip (12) between TMS 
chemical shifts m e a m r e d  fiom exterrdl cydlohexane and the g2 sdlvent 

factor w e  calculate a chemical shift value of - 28,4 ppm for an 

artlficlal TMS in w a t e r  (by respect to external cydlohexane). . . .  

dioxane 
cydlohexane 

i n  spherical cell 
TMS 

39.9 ppm 28,4 p p m  
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7 88 GOETHALS ET AL. 

Since w e  use a spherical cell, it is not necessary to take into account 
the magnetic SJSceptihility variations and chemical shifts referenced to 
TMS are determined in adding 68.3 p p m  to experimental values. This 
value differs dightly from t h e  used i n  literature (67.4 (19,201 : 67.86 

(21,22) for transEorming demica l  shifts k o m  intemal 1,4-dioxane to 
chemical shifts from TMS. We can observe table 3 that  f r o m  DMSO to 
H 2 0  the C-a and C-B chemical shift increase respectively by 3.18 and 
0.2 ppm. These results are very merent of values p-d by 
Vincenhn (3) i n  a study of ethanol in DMSO-D20 mixtures ( A 6 C - a  = + 
0,5 ppm ; A6 C-B = - 1,75 ppm) for m e a s u r e m e n t s  from external reference 
without taking into account magnetic susceptibility Variatiolls and 
medium effeds. 

On figure 1 where are reparted the  chemical shifts Variations 
2 

V.S. the  g parameter for C - a  carbon, w e  have set the pc6nts 
corresponding to these t w o  &vents. We observe that the paint 
c h a r a w i n g  ethanal chemical shift in DMSO (56.10 ppm) is far away 
the m e l a t i o n  line (about 1.8 p p m  carresponding to a shielding). ~ a r  
chemical shifts in wa te r ,  we  also notice a deviation kom the 
carrelation line Le. a deshielding effect cf 0.7 ppm). The shielding 
observed w i t h  DMSO can be explained by an hydrogen bond formation 
between OH group and sulfoxyde oxygen atom. This effect is about 
twice the deviation measured  when acetone is used as &vent (0.8 ppm) .  
In fact, C=O and S=O anisotropy effects are Similar as suggested by 
magnetic susceptihilitias values (231, kut the  S O  group is m o r e  basic 
(Av :AvOH (CH30D...0=C(CH3)2) = 81 
c m  1. Far w a t e r  scilvent, the  *ding effect can be expliuned by an 
hydrogen bond formation between w a t e r  hydrogen and ethanol oxygen. 

-1 C H 3 0 D  ... O=S(CH ) 1 = 158 c m  3 2  Y 

Far C-B carbon, the chemical shifts in DMSO and w a t e r  
respectively 18.50 and 18.70 ppm are dlose to the axrelation line 
( 6  V.S. g ) (figure 2) and it the S a m e  for acetone &vent ( 6cH3 = 18.9 

ppm) .  W e  show that the C-B carbon sensLtivity to hydrogen bond forma- 

2 
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51 

5€ 

57 

PPm 
C"2 

6 

4 

8 .\ 
0 

I 

2 

7 
0 

DMSO 
0 

g 2  l o 2  

3 4 5 6 7 8 

Fig. 1 : C a r d a t i o n  between C-a chemical shifts ethanal and the g2 

factor 
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790 GOETHALS El' AL. 

I S  

48 

I I I I I I 

3 4 5 6 7 8 

Fig. 2 : Correlation between C- B chemical shifts ethand and the g2 
fa- 

&n is very small, contrary to literature results (1-3). The difference 
okserved between our results (high variation on C-a carbon and small 

vadation on C-B carbon) and those of literature (small a t i o n  on c-a 
and great &-e& on C- @ 1 can be explained by the fact that the litera- 
ture chemical shifts are measured f r o m  exterml reference and in this 
case the medium e€fect f r o m  H20 to DMSO (deshidding &ect in 
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MEASUREMENT AND INTERPRETATION 791 

internal reference) compensates for the hydrogen bond effect (shielsting 

effect) ; but with C-@carbon the t w o  effects add up. 

C 0 NC LUSIO N 

In this work, w e  characterize the actual effects of hydrogen 

bonding formation on the 13c shifts i n  the donor m d e c a  ; w e  wove 
that this hydrogen bonding formation leads to a shielding of C-a c a r b n  

and have only a small &-e& on C-B carbon. We are planning mw 
studies of carbohy&-ates w a t e r  and D M S O  scilvents to determine 
impartance of hydrogen bond for the different hyaoxylic groups. 
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